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FREE~SPINNING, LONGITUDINALPTRIH, AND TUHBLING
TESTS OF ———B-SGAHE MODELS- GF THE -
CORNELIUS XFG-l GLIDER
By Ralph W. -Stone, Jr., and Ieg T. Daughtridge, Jb._

SUMMARY

A series of tests has been nerformed 1n the Langley
free-spinning tunnels to determine the spin and recovery
charecteristics, longitudinal-trimming characteristics at
extreme angles of .attack,.and tumbling tendencles of a

i%_a-scale model of the Cornelius XFG-l glider. The
tests were made at an equivalenf altitude of 15,000 feet.

The effects of loadlng, mass dlstribution, and
conter-of-gravity position upon the model characteristics
were determined. The inverted spin characteristlcs and
the spin-recovery parachute raquiremants were also
investlgated.

The results of the tests showed that the model would
spin in a flat attitude with extreme osclllations. In
goeneral, reversal of the rudder alone or extension of the
spollers atopped the splnning rotation, but the model
remalned in a stalled glide, Movement of the elevator
down pitched the model out of this glide. Ionglitudinal-
trim tests indisated that increasing the ‘elevator-down
setting to 20° insured pitching the model from this . -
stalled glide, but the spin results indlcated that care
must be exercised to avold entering an inverted spin.

A L.5~foot and & 7.5-foot (lald out flat diameter) silk
tall narachute effected satisfactory recoverles when
opened during spins of the glider for the minimum flylng



2 - . ' MR No. 15K21

wolght end the fully loaded conditlons, respectively.
The model would tumble unless the elevators were held
against the rotaetion.

INTRODUCTION

At the request of.the Army Air Forces, Alr Technlceal
Service Command, &a series of tests has been performed in
the Langley free-spinning tunnels to determine the spin
characteristics, longltudinal-trim characteristics, and

tumbling tendencles of a 2 -scaie model of the XFG~1

glider. The'wings-of-thelzigder are swept forward and
are located near the rear of the fuselage and have
spollers to ald in landing., The glider has a con-
ventional verticel tail surface but hss no horlzontal
tall surface, the elevator controls belng on the wings
inboard of the allerons.

Two loadings were tested, corresponding to the
glider in the minimum flying welght condition, and in
the fully loadéd condition. ¢The spin and recovery
characteristics for both loadings were determined. with
the spoilers nsutral or extended, with the landing gear
on and, off, wlth forward and rearward posltions of the
center of gravity, and with verlous moderate changes 1in
mass distribution. The inverted-splin characteristics
for both loading conditlons were also determlned, and
the effect of increaesing the wing dlhedral was deter=-
mined for the minimum flying weight condition. Spin-
recovery tall parachute tests were made for both loadling
conditions, The longitudlnal-trimming tendencles of the
‘model mounted free to pltch were investlgated, the
effects of spollers, landing gear, and center-of-grevity
location belng determined.

Tumbling tests were made for the model in the mini=-

- mum flying welght and fully loaded conditions, during

which .the effects of centern-~of-gravity positions,
spollers, and landing gear were determlned,
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SYMBOLS

wing area, square feet

wing span, feet

mass of giider, slugs. . -

mean aerodynaﬂic chord, feet

ratio of distance of center of gravity
rearward of leadling edge of mesn aero-
dynamic chord to me an aerodynamic
chord

ratio of distance between center of gravity
and fuselage centerline to mean aero-
dynamic chord (positive when center of
gravity 1s below fuselage centerline)

moments of inertle about X, ¥, and Z dbody..
axes, respectively, slu'g-feet2

inertla yawing-moment parameter

inertia rolling-<-moment parameter

inertlia piltching-moment parameter -
airplane relative density '

alr denslty, slug per cublec foot

full-scale true rate of descent feet per
second

angle of aettack, degrees
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APPARATUS AND HETHODS
Model

Two dimensionally ldentical T 18-scale models of
the XFG-1l glider were bullt and perared for testing
by Langley. Two models were built 1n order to expedite
the tests 1n case of excessive damage to one of the
models and because a model bullt to be ballasted for
the light loading would be too weak structurally for the
heavy loading.

The dimensional characteristics of the full-scale
glider are given in teble I. A three-view drawing of the
model with the landing gear on 1s presented in figure 1.
Photographs showlng the model with the spollers extended,
landing gear off and on, are shown in figure 2.

The models were ballasted with lead welghts to
obtaln dynamic similarity to the glider at an altitude
of 15,000 feet (p = €.001496). A remote-control metha-
nism was lnstalled in each model to actuate the controls
for the recoverles. The landing gear was independently
ballasted so that correct mass characteristicas were
obtained for the model with lending geaer c¢ff and on.

Wind Tunnel and Testing Technlque

The tests were performed in the Langley free-
spinning wind tunnels - the spin and tumbling tests 1n
the 20-foot tunnel, the longitudinal-trim tests in the
15=-foot tunnel,

With few exceptions, the operation of the 20-foot
tunnel 1s similer to that of the 15-foot tunnel as
described in reference 1. The model launching technlque
for spln tests has been changed from launching with a
spindle to leunching by hand with spinning rotation.

Spin tests.~- The spin dsta presented were determined
by the methods presented 1n reference 1 and have been
converted to corresponding full-scale values. Because
of the osclllatory and wandering motion of the models,
quantitative daté could generally not be obtalned; there=-
fore, only a description of the model motion before,
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end the flight path after, control reversal 1s presented,
together with the number of turns it took the model to
stop ‘-rotating after the control was.reversed. - The tests
were performed for the normal spinning céntrol configu-
ration (elevator full up, ailerons neutral, and rudder
full with the spin) and for various other aileron-elevator
deflection combinations including neutral and maximum
deflectlons of the surfaces for the various conditions
tested.

For the spin-recovery parachute tests, the model
was launched into 1ts spinning condition with the rudder
set full with the spin. Recovery was then attempted by
opening a tall parachute. The parachutes used weire the
flat circular type made of sllk and had a drag coef-
ficlent of epproximstely 0.7 based on the surface area
of the canopy. The dlemeter was measured when the para-
chute was lald out flat. The towline was attached to
the tall cone of the model and the parachute was packed
in such & manner so es not to change the spinning con-
dition.

Longltudinal-trim tests.- For the longltudinal-trim
tests, the model was mounted on a speclal rig fixed in
the center of the tunnel. (See fig. 3.) The model was
restrained from any movement sbout the roll and yaw axes,
but was free to rotate about a pitcn axis- through an
angle of plus or minus 90°. Provision was made for
mounting the model at verious center-of-gravity locations
through a range of from 9 to 19 percent of the mean aero=-
dynamic chord. The model was mass-=-balanced about the
pitch eaxls for the particular center-of-gravity location
desired.

The model was rotated to zero angle of attack by
strings attached to the nose and tall. The alrspeed 1in
the tunnel was then lncreased and the model was allowed
to assume an angle of trim. In order to determine 1if
there was more than one angle of trim for any condltion,
the model was rotated by means of the strings, and the
trim angle was meesured when the strings were released.
The trim angles were read by means of a protractor
mounted on a tunnel window which was approximately
parallel t¢ the plane of symmetry of the model. These
teats were arbltrarily perfermed with an spproximate
tunnel ailrspeed of Ll feet per second. .
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Brief force tests were also run in the free~flight
tunnel to determine the neutral point of the model and
to obtaln data which could be compered with the results
“of similar balance tests performed at Wright Fleld.

© -Tumbli tests.~ In order to determlne the tumbling
tendencies og The model, the model was either released
from a nose-up position to simulate a whip-stall or was
glven an initial pltching rotation about a lateral axis.
In the tests 1n which initial rotation was given the
model, because of the confined space of the tunnel, only
enough pitching moment was applled by hand to insure
that the model would meke et least one complete turn
before it struck the-safety net for cases in which it
would turble, o6r that the model would meke approximately
cne complete turn before 1t stopped rotating for cases
in which it would not tumble. The number of turns the
medel took before .1t ceased to tumble or before 1t hit
the safety net was observed, as well as the behavior of
the model while 1t was tumbling and after it ceased to
tumble. .

‘Moving pilctures were taken of both types of tumbling
tests so that a study of the model motion could be made
Approximate vertieal retes of descent of the model during
the tumblingz tests were determined from the film records
of the tumbling maneuver and from the tunnel airspeed.
The camera speed belng known, the epparent vertical rate
¢f descent wes determined from the number of frames of
film in whlch the model moved a certaln verticel
distance. Thls apparent vertvicel rate of.descent was
added to the tunnel airspeed, giving an approximate
vertical rate of descent of the model during the tumbling
maneuver, Three rudder-alleron control combinations were
tested for elevator full up, neutral, and full down:
rudder neutral, eilercns neutral; rudder fully deflected,
ailerons neutral; rudder neutral, allerons fully
deflected. . .

PRECISION

Inasmuch as the motion of the model during spin
tests was mostly very wandering end oscillatory, the
only precise deta obtalned were .the number of turns the
model took to stop rotating after control reverssal.
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These turrnd are believed to be" the trua model values
. wlthin the following limits:

t& turn when obtained from film reconrds

i% turn when obtalned from visual observation
These limits may have been exeeded somewhat for cases in
which the model was extremely difficult to test. Only
approxlmate values of retes of descent and ‘rotation
could be obtelned.

The angles of trim of the model obtseined from the
longitudinal-trim tests are believed to be within ¥2°
of theilr true values.

A comparison of model end airplene spin results
(references 1 and 2) indicated that the spin-tunnel
results were not slways 1n complete agreement wilith the
full-scale alrplane results. In genersl, moedels spin
at a somewhat smeller angle of attack, at a somewhat
higher rete of descent, and with 5° to 10° more outward
sidesllip. The comparison niede in reference 2 showed
that 80 percent of the model recovery tests predicted
satiafactorily the corresponding full-scale recoveries
and thst 10 percent overestimated and 10 percent under-
estimated the full-scale recoveries.

Because of limits of accuracy in ballasting the
models end beceuse of 1nadvertent damage to the models
during the spln tests, the measured welght and mass dis-
tribution of the model varied from the true scaled-down
values by the followlng limits:

Model bsllasted for minimum flying welght condition .
(with pilot and landing gear)

Welght, percent . . .. . . .« . . . . « « 0 low, 3 high
Center of gravity . .. « « . « O, Olc reerward to 0.05C

' forward of normal
fIx- L ]

. Moments of ® o o o e« ® © s o = s o l low, 22 high
inertis, ' ) ' e s e ¢ 21 1low, 1 low

% Iy. - . . S
percamt. \LIZ' L mten a5 nien
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Model ballasted for fully loaded condition (with pilot
and landing gear)

Weighf, pereent 4 . . . s . . ¢ b e e e o 2 low, 1 low
center of ghavity . . « . . . i 0.05¢ rearward to 0.01C
forward of normal

Moments of JIX- ] [ ] e L] L[] L] L] [ ] ) " e 5 higll, 17 hish

inertis, IYno-o--o--.---¢-9IOW, 15 high
percent LIZ- . . . ] . ° . - . . - . 8 his}l, 32 higtl

The accuracy of measuring the weight and mass dis-
tribution of the model 1is believed to be within the
following limits:

Welght, POTCONt « « o o o o o o o o o o o o o o o « o £1
Center~of-gravity location, percent € . . . . . . . . %Il

Moments of lnertla, percent . . . . . . . « . « . . . 15

The controls were set with an .accuracy of =

TEST CONDITIONS

Spln tests were mada for the.model conditions given
in table II. The mass characteristics and igertia
parameters for the.possible loadings of the glider are
shown in table III. The values of the corresponding mass
characteristics and inertia parameters for the modela as
teasted are presented in table IV. In addition, the
inertia parameters fer both the nmodels &nd glider are
plotted on figure L. The basic loadings tested were
the minimum flying weight with pilot and landing gear
and the fully loaded condition, with pllot and lending
gear. These loadlings are hereln referred to as the
minimum flying welght and the fully loaded conditionss

The maximum eontrol deflections ysed for spin =nd
tumbling tests weré:

. 25° right, 25° left
« » .30° up, 20° down
s 0 200 up, 150 down
« o o o o e o 900 up

Rudder . .
Elevater .
Allerons .
Spollers .,

*
.
.
.

e 9 s o
L] 8 .a [
" s e @
L] L] [ ] L ]
e e o 9
« & @
e e [ ] [ ]
e e o ®
® » o
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At the start of the spin tests the maximum down-
elevator travel was only 10°, but subsequent to the
1ongitud1nal-trim tests the slevator-down deflection
was changed to 20°.. The maximum down-elevator travel
used for the tests 1s noted on each of the tables of
results.,-

Veriations in mess distribution were investigated
in order to allow for the limlits of accuracy of the"
computed glider and model velues and also tp allow for
any rearrangement of loading which might lead to a
spinning conditlion in whlch a longér period of ‘time 1s
required for recovery after control reversel.

For the lnvestligation of the effect of wing dihedral
on the spinning characteristics of the model, the wing
dihedral was increased from 2° to 8°.

The conditlonas tested for the longltudinal-trim
tests and tumbling tests are given 1n tables V and VI,
resnectively.

»

RESULTS AND DISCUSSION

The results of the spln tests are presented 1n
tables VII to XX. Results of right and left splns were
quite simllar end results for right spins are arbl-
trerlly presented (glider turning to pllot!s right).
Tlie results of the spln-recovery parachute tests are
presented in table XXI, and the réesults of the
longitudinal-trim tests - are- presented in table XXII.
Tables XXIII to XXV contain the tumbling test results.

Spin Tests =~ Minimium Flying Welght

Normal conditlion.- The results of the tests for the
minimum Tlying welght condition with the spollers
neutral are presented in-table VII. When the controls
were set for the normal spinning configuration (elevator
full up, ailerons neutral, and rudder full with the
spin), a motion oscilldtory in roll and. pitech took place,
* wlth epproximately feur osclllations per turn of the.
spin. Although thls motion resembled a wide radius
spiral, a definite condition of equilibrium appeared to
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be present. Reversal of the rudder stopped the rotation
in less than one turn, but the model remeained im a
stalled glide.

Deflecting the ailerons with the spin generally
retarded recoveries slightly. 8Setting the allerons
agalnst the spin was favorable in that the model would
not spin when the elevators were neutral or down. When
launched with rotetion into the tunnel for these latter
two conditions, the.model oscillated violently and turned
over into &n inverted attitude. For the svins obtalned,
the approximate avéerage rate of descent was 120 feet per
second, full scale, and the epproximate averege rate of
rotation was é revolution per second, full scale.

Simultaneous full reversal of the rudder and ele-
vators for all elevator-up spins resulted in rapid
recoveries in which the model went into a steep dive and
then over onto its back.

Extension of the spoilers generally decreased the
oscillatlions and caused the model to stop rotating, even
when the rudder was full wlth the spln (table VIII).

Vhen the elevators were up, however, the model remalned
in a stalled glide after the rotation ceased; reversal

of the elevators from full up to full down after rotation
had ceased csused the model to go into a steep dive.

When the elevators were down, a spin could be obtalned
from whlch & repid recovery was effected by full rudder
reversal.

The results of tests of the model simulatlng the
condition in which the landling gear Las been jettisoned
are presented 1ln table IX.

These results, when compared with those with the
landing gear 1lnstalled, show a slight adverse effect on
the svln and recovery characteristlics of jJettlsoning the
landing gear. .

There was little effect of increasing the wing
dihedral from 2° to 8° (results in table X).

Mass varlatlons,- The results of tests with moderate
mass varlatiens (Iy and Iy decreased 20 percent Iy,

and Iy increased 17 percent Iy from the normal minimum
flying welght. conditlon) ere presented in tables XI
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and XII. Thesé results are somewhat similar to those
obtained with the model ih the normal minimum flylng

-weilght.condition,.. After being launched in s spinning

attitude, the model usually went into a flat stalled:
attitude, oscillatory about all three axes sometimes
with rotatlon about the vertical spinning axls and some-
times with little or no rotation about the vertical -
exis. The rotation was stopped by rapid rudder reverseal,
but the model  remalned in a stalled glide whén the ele~
vators were up or neutral. Results of longitudinal-trim
tests indicated that movement of the elevator to the
full-down position (20°) after rotation had ceased

would have- undoubtedly pitched the model into a steep
dive.

Center-of-gravity movements.- When the center-of=-
gravity locatlon was ; percent of the mean aerodynamic
chord rearward of normal (table XIII), the spln and
recovery chseracterlstics were similar to those with
normal center-ef~-gravity positions, except that when

the elevators were only 10° down, the model remained in
a stalled glide after rudder reversal. The longitudinal-
trim tests indicated that the ‘model would recover from
this astalled glide if the elevators were moved 20° down.

When the center of gravity was moved 5 percent of
the mean aerodynamic chord forwerd of normal (table XIV),
the spins were oscillatory and relatively steep when the
elevators were neutral or down, but recoveries by rudder
reversal were , unsatisfactory. The steep attitude of
these splns apparently made the rudder ineffective -
because of shlelding of the rudder by the wings -and for
thls reason 1t 1s not considered advisable to spin the
glider with the center of gravity forwerd of normal.
Recovery may be effected .ln thls loadlng by holding the
elevators full up, rQVersing theé rudder tb stop rotation,
and efter the rotatlon has stopped, fully reversing the
elevator to dlve out of the stalled glide,

Inverted spins.- The results of the inverted spin
tests. are presented in table XV. For 1inverted sn»ins,
the designations of the control configurations are
different from those used for erect spins. *Controls
together" means that when the right rudder pedal .is
ferward the stlck 1s to the pilotts right, and "controls
crossed" means that when the right rudder pedal 1s
forward the stick 1s to the pllotrts left. When the
controls are together in an inverted spin, the allerons
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oppose the rolling motion; when the controls are crossed,
the ailerons ald the rolling motion. The model would
spin only with the controls crossed and the stick for-
ward for the developed spin. Rapld full rudder reversal
stopped the splnning rotation; the model, however,
remalned in a flat inverted position. lfovement of the
-stick full back would pitch the glider from thils flat
Inverted glide, but results indicate that care should be
exercised to avold entering an erect spin when the stick
is moved full back. For the other control configurations,
the '‘model motion was very oescllletory and the model went
into an inverted glide or dive with stick forward and
into an erect vosition wlth stick neutral and back even
though the rudder was held full with the spin.

Spin Tésts - Fully Loaded

The results of tests of the model in the fully
loaded condltion are presented 1n tables XVI to XX. In
general, the results were qulte similar to those of the
model in the minimum flying weight condition for both
- erect and inverted spins. .

Spin-Recovery Parachute Tests

The results of tests t¢ determline the optlimum size
of, and towline length for, spin~recovery tall parachutes
(table XXI) indicate that a L.5-foot (flat circular) tail
parachute with a 27-foet towline willl preduce satls-
fectory recoveries for the minimum flying welght con-
dition. A 7.5~foct dlameter tall psrachute with 27-feot
towline will be satisfectory for the fully loaded con-
ditlon. These results are bassd on tests with silk
prarachutes having a drag coefflcient of approximately 0.7.

Longltudinal-Trim Tests

The results of the longitudinal~trim tests of the
model presented in taeble XXII appear to be iIn goci agree-
ment with the results of the spln tests. When the center
c¢f gravity was at the normal location (1} percent M.A.C.)
the model trimmed only at posltive angles of attack when
the elevators were full up and only at negative angles
of attack when the elevators were down 10°. However,
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when the elevators were only 7%? down, the model

“trimmed at ‘both negative and- positive angles of attack,
and from the results it appeared that a down-elevator

' setting of 10° was barely.enough to prevent trim con-

- ditlons at a positive angle of attack. Trim in the
normal flight range of angles of attack could not be
obtained with the elevators neutral. Brief force tests
in the Langley free-flight tunnel indicated that the' .
spin~tunnel model would trim 1in- the normal flight range
of angles of attack only with small down-elevator settings.
The results of the Langley free-flight tunnel tests and
results of Wright Fleld tests 1in their 5-foot tunnel are
compared in figure 5., The free-flight tunnel tests
showed en earlier stall and an upward shift of the
pitching-moment curves in the vositive direction, and
Indicated that smell. elevator-down deflections were
needed for trim in the normal flight range. Additional
longitudinal trim tests with small elevator-down settings
showed this tendency to trim in the normel flight range
for the spin-tunnel model.

The vposltlon of the spollers and disposition of the
landing gear had no effect on the general trimming
characteristics of the model wlth the center of gravity
located at 1l percent of the mean aerodynamic chord. -

‘When the center of gravity was located at 19 percent
of the mean aerodynamic chord and the landing gear was
off, the results indicete that -more than 20° of down
elevator 18 necessery 1in order to prevent the model from
trimming at relatively large posltive angles of attack
fer this condition. Otherwise, the results of the trim
tests with the center of .gravity moved resrward of normal
were very similar to those with the center of gravity at the
normel location.’

.Tumbling Tests

Minimum flying weight condition.- The results of

the tumbling tests 1In which the model was released withe
out initiel rotation from a nose-up position to simulate
a whip~stall condition are presented in table XXIIT.
The model did not tumble for any control configuration,
but executed a series of extreme oscillations in pitch
during which the model would pitch through almost ¥180°
measured from the nose-down attitude. An ettempt was
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mede, by means of the fillm records of these tests, to
~determine 1f these osclllations damped out. No damping

effect could be observed iIn the short distance the model
had to gall before hitting the safety net (approximately
12 feet

The results of the tumbling tests in which the
model was given 1nitlal rotation: about the wing axis are
presented 1n table XXIV. For all conditlons tested, the
model continued to tumble in a posltive (nose up)
directlion when the elevators were up and 1n the negative
(nose down) direction when the elevators were down. The
rnodel stopped tumbling, however, when the elevators were
set agelnst the pltching motion, . With the elevators
neutral, the model continued to tumble in either direction
when the landing gear was on and the spollers were
retracted when the center of gravity was normal or 5 per=-
cent of the mean aerodynamic chord rearwerd of normal.
.For the normal center-of-gravlity locatlion, when the
" landing gear was on and the spailers were extended, the
model would tumble 1n the negative dlrection with the
elevators neutral. Similarly, the model would tumble 1in
the negative dlrection with neutral elevator when the
landing gear was off and the spollers were closed. When
the center of gravlty was 5 percent of the mean aero-
dynamic chord faqrwerd of normal, however, the model
wculd nct tumble with elevators neutral.

Fully loaded condition.- The results of tumbling
tests ol the model 1n the fully loaded condition are
presented in table XXV. For these tests, the model was
‘given 1nitial rotation about the wing exis. The model
stopped tumbling when the elevetors were -set against the
rotation, but .generally, continued to tumble for ether
elevator positions. The results obtalned were generally
slmilar to those obtalned with the model in the minimum
flying weight condition (wilth pllot and landing gear).

CONCLUSIONS

Based on the results of tesats of 3 18-sca;e mode 1s

" of the XFG~l glider; the following conclusions regarding

-
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the ‘spln and recovery -amd tumbling characteristics of
the glider at a -test altitude of 15,000 feet have been
made s

l, The motion of the glider 1n a spin will be
oscillatory sbout all three axes. The rotation can be
terminated satlsfactorily by reversing the rudder, but
thg elevator must also .be moved to a down position of
20° to insure nosing down from the stalled attitude. .
care should be exercilsed by the pilot, however, in order
to avold entering an inverted spin.

2. Extending the spollers will decrease the
osclllations and cause the glider to stop rotating when
the -elevators are up or neutral even ir the ruader is
held 'full with the spin.

3. Jettisoning the landing géar or moving the
center of gravity 5 percent of the mean aerodynamic
chord forward or rearward of normal will have an adverse
effect on,recovery characteristics. -

L. TIncreasing the wing dihedral ‘or verying the
mass distrlibution moderately will have no appreciable
effect on the spin and recovery cheracteristics.

5. The glider will spin inverted only when the
stlck 1s forwerd. The rotation can be stopped satis-
factorily by reversing the rudder, but the stick must
be moved back to insure nosing out of the stalled
inverted position. Cere sheuld be taken to avold
enziring an erect spiln when the stick 1s moved full
back,

6. A L4.5-foot dlameter silk parachute with a
27-faot towline for the minimum flying welght cendition,
arid a T.5=foot dlameter silk parachute with a 27-foet
towline for the fully loaded condition will give satls-
faotory-recoveries by parachute action alone.
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Lo ',
s T™he g l1der w111 tumbie, but the tumbling motion
oa::lh‘::bstoppe by deflesting: ‘the elevators agalnst the
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MR No. LS5K21
TABLE I
DINENSIONAL CHARACTERISTICS OF THE
CORNELIUS XFG~-1l FUEL GLIDER

Wing span, ft ... .
Iﬁngth over all, rt L] L L] L ] L[] [ L] L] L L ] L ] L L ] L] [ ]

ne
o]
o AN
F—F

Wing:

AI‘ea' Sq. ft " ® ® & @ ¢ s e @ © e s e 5 o e = @ 556 =
Incidence, deg -

ROOt. [ ] - [ ] ] [ . [ [] . [] [ ] [ . ] [ ] ] [ . ] [ ] 0

Tip Y . [ [ ] [ ] . [} [ ] [ L] [ ) » [ [] [ . 3 [ ] [ L] 1'5
A,Spect I'atio ° [} [} [] . [} [} [] [} . . [] [} [} [} [} e 8
Dihedral (variable) along

quarter chord, deg. « « + « « « o « « » « » 2 t0 8
Sweepforward st quarter chord, deg » . « '« .+ = 15
Mean serodynamic chord, Ine. « « « « « & & « & 85 82

Allerons (unbelenced):
Areg, 8 TH. v« v v ¢« o o » o o s o s s o s o« » « 31,6
Sp an, in- 3 o . L] L] . [} - [ [ [] . [ [] L] . [ ] 171.25
Chord (resrward cf hinge 11ne), :
percent wing chord. « . « «. ¢ ¢« o« ¢« « o « o« o« o 20

Elevators
AI.ea’ sq ft . [ ] ] [ ] L] L] L] L] [ L] L] [ ] [ - [ L] L] . 36.,-I-
Span, in. [ s e o . . . . . . . . . L] . a0 107

Chord (rearward of hinge 1ine),
percent wing chord. . « ¢« ¢« « ¢ ¢ ¢ s o ¢ = » o 25

Vertical tail: .
Area, sq_ fte « « & o e ® o 8 e ® o @& = »® h—505
Span (from ¢ of glider), 1n. « e s s s e e s s & 125

Rudder area, sq ft [ ] L] L] L[] L] [ ] L ] L] L] L[] » L] ] [} [ 19ILL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABIE II

SPI¥ TEST CONDITIONS FOR THE __L_-SCALE

NATIONAL ADVISORY 17.8
COMMITTEE FOR AEROQNAUTICS ¥ODEL OF THE XFG-1 GLIDER
No. Loading Mass variation Landing Spoilers | Modification | 1ype of Data on
' gear spin table
1 | Minimum flying None Cun Neutral tone Erect VY11
, weight - '
2 | mermendomnnmen | wecmeceea dommmmmnaan w~==do==~-~ | Extended | ==~=-- domm==- -==do-~- VIII
3 | =e———- dOor=rmacan | cccancna- do=mcmvmcnn Jettisoned Neutral | ==~=-- do===== cwelo=-—- IX
L | emem—- dom==m~m Ix and Iy decreased On —==dQmm= | mma-- dommenm e et X
20 percent of Iy e ‘
5 | mmm——— do==mmm- Ix and Iy increased cem=dOmmm= | ===d0m== | ===-- A= - ~==do-=- X1
17 percent of Iy
6 | mmmm—— do=me=== c.ge rearward 5 per- | =-==do==== | ==edgme= | weee- dom=mmn ==l Qmm- X11
] cent of M.A.C.
T | ceomaa dowmm—m— c.g. forward 5 per- «===30=mm= | +m=dpmm= | mm—- do===~= me=do-=- XI1I
cent of M.A.C. _ :
8 | cocaem do—mem—— None wm=edOmm== | ~wedQme- | ccwa- dommen- Inverted XIv
9 | ~e=e-- R B e -~-~do===~ | ---do--- | Wing dihedral Erect Xv
changed from
2%0 8°
10 | ==mme- do==mmen | meccaca-a dOo=mmr e ---=do~=-- | ~=--do-=-- | Spin-recovery | ~=-do-~=~ XX1
parachutes
11 Full load | =======-= doe=-rmanwa ~===doe==~ | ===do--- ~ Kone ===do=e= XvI
12 | —=emee domm==ren | cecaecaea do=mwmm—an ====do=~-- | Extended | w=--- do===-- ~==dO=== XVIii
13 | =mom—- dOom===m= | meceecoe- dom=cmcean- Jettisored | Heutral emminf Qm———— ~==do===~ XVIII
)1 TR T —— do=====- | c.g. forward 5 per- on --=dQm== | ====- domm=m= -e=do=-= XIX
cent of M.A.C.
15 | =meee- dowmmom- None ====do==e= | =-=dO=== | e~=-- dommmmm Inverted X
16 | —===== dOs===em | ceemcooea do==vomman- ----do-=== | -=~do-=-- | Spin-recovery | Ersct I
h parachutes
17 | ~me=-- dom===e= c.g. rearward 5 per- | -=-=dom-=e | ~==do=~~ | =we-- dOm==va we=qO=r~ X1
cent of M.A.C.

"ON W
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TABLE

III.~ WEIGHTS, CENTER-OF-GRAVITY LOCATIONS, AND MOMENTS OF INERTIA

FOR VARIOUS LOADINGS POSSIBLE ON THE XFG-1 GLIDER

Center-of- Momenta of p at p at
%10ading weight gravity inertig 15,000 sea Mass persmeters
(b} location {slug-ft¥) rt level .
75 | e n| | 1 Ix - Iy Iy - Iz - I
mba mb2 mb2

luinimum flying

weight with

pilot and i i : L

landing gear | 3881.2| 0.14 {-0.051] 5139 | LLL6] 8775 | L.20 | 2.65 | 19.7 x 207%| -122.7 x 10™* | 103.0 x 10~

inimum flying

weight with

pllot and 25

gallons of -l -4 -4

gasoline 2699.3 1 .16 | -.087 | 4798 | LLi%6 | 8625 | 2.85 2.45 | 11.1 x 10 -128.6 x 10 117.5 x 10
Mintmum £1ying

welght without -l -l -4
5 pilot 2681,2| .19 | -.055|5133| 4131 | 8455 | 3.96 2.49 |30.1 x 10 -130.1 x 10 99.9 x 10
Full load with

pilot and -l -l -l
L landing gear 7997.2 ) 14| -.022]5387] 4935 ] 9253 | 8.61 5.43 6.3 x 10 =59.7 x 10 53.5 x 10
Full loed with-

out pilot and -t -l "
¢ lsnding geer 7782.21 .19 | -.036 | 4505 | 4329 | 8505 | 8.40 | 5.30 | 8.2 x 10 -59.2 x 10 51.0 x 107
Full load with :

pllot, without <l -4 L

lsnding gear |} 7602.2 | .13 | ~.0%3 {5293} L48Lo 9249 | 8.19 | 5.16 | 6.6 x 10 ~64.1 x 10 57.5 x 107

® umbers correspond to numbered points on figure .

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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MR No. LS5K21

TABLE IV.~ FULL-SCALE VALUES OF THE WEIGHTS, CENTER=-OP=GRAVITY LOCATIONS,
AND MOMENTS OF INERTIA FOR THE LOADINGS TESTED ON THE XFG~-1 MODEL

. Center-of-" Moments of p at p at
Loading ‘Welight gravity 1x_:ort15_ 15,000 sea Mass parameters
{1ib) location (slug=ft<} re level
*T| /T Iy Iy 1, Iy~ Iy Iy~ I, I, - Iy
2 2 2
Lytniwum £iying mb L) >
welght with
pilot and

lending gear 2846 | 0,14 | -0.052] 5084 | 4369| 9%65 | L.13 2.61 ] 20.3 x 10‘1* ~143.5 x 10'1‘ 123.2 x 107
2lﬂ.nilu.ul flying
weight with
pilot, landing
goar jetti- -l -l -l
soned 3507 12| ».035| 4789 | 42751 9096 | 3.79 2,38 | 16.2 x 10 -152.0 x 10 135,8 x 10

hI!.n!.xlxull flying
welght with
pilot and
lsnaing geer
{c.g. rearwerd

5 percent MAC.}| 3846 19| -.052) 5064 ] 3841 8840 | k.13 2,61 | 35.6 x 10-4 -1U3.5 x 1074 107.9 x 107k

3Min.’u:mm flying
woeight with
pilot and
lending gear
{(c.g. forward
5 percent M.A.C. 3846 | .09| -.052] 5084} ek | 9gso | L.1x | 2.61 | 6.3 x 10°% |-w3.5 x 1074 137.2 x 107F
Minimum flying
welght with
pilot and
landing gear
(1, & § Fiam
areased 17.2 -l
P percent of Iy) Looly AL =-.058] 5942 { 4369 10222 | L.30 2.71 | 43.3 x 10 -161.3 x 10
Minimum flying
weight with
pilot and
landing geer
(Iy & I, de-
creased 20
percent ofly) | 3890 | 1| --ea |hos0|u369| B3ko | k.20 | 2.65 | 8.7 x 207% |-112.5 x 207 122.2 x 107k
ull load with
pilot aad -4
landing gear 7886 A ~.010 ] 5664 | 4738} 10204 8.51 5.35 13.0 x 10
2pull load with
pilot, lmnding
gear Jetti. L
soned T547 12| =.025{ 5384 | 4655¢ 9930} 8.13 5.11 § 10.7 x 10~ =774 x 10'1* 66.7 x 10'1*
3Pull load with
pllot and
landing gear
(¢.g8. forward &
5 percent M.AL) | 7886 08| ~.010§ 5664 ] 5738} 11203 | 8.51 5.35 } =1.0 x 10

- 118.0 x 1207%

~76.6 x 10"‘ 63.6 x 1074

<76.6 x 10 776 x 10'1‘

®Numbers correspond to bered polinta on figure 4,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



LONGITUDINAL~-TRIN T

1
17.8

TEE

-SCALE MODEL

TABLE V

<

i

MR No.

ST CONDITIONS ON

OF THE XFG-1 GLIDER

LHK21

Center-of-gravity
No. location Landing Spoilers Data en
percent i7.A.C. gear I  table
1 1 on Neutral XXIT
2 1 ——endO=——— Extended
E 1 Jettisoned Meutral
] 1y -=~-do--~- | Bxtended
5 19 Oon Feutral
6 19 ~~e=dO=--=- Extended
Z 19 Jettisoned Neutral
19 ~-—~do--~-- rxtended N/
NATTICONAL ADVISORY

COMMITTEE ¥OR ASRONAUTICS




TULBLIKNG THST COWDITICNS 0N THE I;LF-SCALE

MODEL ¢F THE XFG-1 GLIDER

No. Loading Mass variation Landinz geer Snoilers Data on ‘table
1 | Minimum flying Hone On Jeutral XXIIT & XXIV
weight
2 1 cmeeem dOmmmmmm | mmm————— do~=mmm——- Jettisoned ~==dOm=—- X1V
- AO=mwmme | mmm—————— G0mmmmmm On ixtended
& ------ do=m=e—-- c.g., forward 5 per- | --=== do-~--~-~ Neutral
cent of M.A.C.
5 | wamae- do~====- - c.g. rearward 5 ver-| -----do-=-=--- -—=do---
cent of M.A.C.
6 Full leoad None | =---- do=m=mm —eedQmm- XXV

NATTIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

i
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TABLE VII.- RESULTS OF SPIN TESTS OF A E%LE—SCALE MODEL OF THE XFG=-1 GLIDER

IN THE MINIMUM FLYING WEIGHT CONDITION WITH SPOILERS NEUTRAL

Eodel launched erect with spinning rotation, rudder full right; indicated controls roversed]

Flight path

Elevator Alleron Description of model Flight path (after simultaneous Flight path .
setting setting motion (before (after full full reversel of (after elevator
control reversal) rudder reversal) rudder and elevator) reversal)
Full up Full egainst | Extremely oscil- Made from 1/4 to |Made from 1/4 to 1/2 | Made 1/ of a
latory; alternate 3 of a turn of a turn and went turn and went
rolling and yawing and went into into stesp glide into steep
motion stalled glide or dive glide or dive
Do===~ Neutral Very oscillatory, Mede from 1/ to |Made 1/l of a turn Made from 1/L to
inner wing dropped 1/2 of a turn end went into 1l turn and went
and model yawed end went into steep glide or into steep .
into spin stalled glide inverted spin glide or dive
DO~e== Full with Extremely oscil- Made 1/L of a Made 1/l of & turn Kade from 1/4 to
latory; alternate turn and went and went into 1/2 of a turn
rolling end yawing into a stalled dive and went into
motion glide stesp glide or
dive .
Neutral Full against | Pitched and rolled | = --e--- - mececemcce cescanss
onto back; went
into left spin
when launched with
rudder sagainst
rotation
pLETTEY Neutral Very oscillatory, Made 1/4 of a L cecances
inner wing dropped turn and went
and model yawed into stalled
into spin glide
DO==e= Full with eveecemacnd0e-cemen=a | ¥ade 1/ to 1 wecemecana cemmcana
turn and went
Into stalled
glide
Down (10°) | Full agsinst | Pitched Into dive cmmmmaaa
Do=ee== Neutral Extremely oscile Would probably
latory; alternate have gone on
rolling and yawing its back after
motions approx. l% turns
Do=w== Full with eccececccdomm=meeeae | Kade 1/2 of a turn EE L censceoa

and rolled on

back

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN

IN THE MINIMUM FLYING

TESTS

<

17.8

WEIGHET CONDITION WITE

OF A —L__SCATE 19ODEL OF TUE XFG

SPOILER!

lModel launched erect with spinning rotation,

rudder full right;

indicated controls

reversed]

l GLIDER

EXTENDED

Descrintion of model

|

mlight path

Flight path

Elevator Aileron motion (before | (after full rud- | (after full ele-
setting setting control reversal) j der reversal) vator reversal)
Full up Full against Stalled glide —————— ——————
Do-=-=~= Neutral | -=====--- de-mwmmeeee | eeeee- Went into steep
dive °
DO====~ Full with ) —==eee--- dom=mmmm=m=e | eeeeaa Went into erect
spin or
inverted dive
Neutral Full against | -===-=--- do==mmmmmm= | ememe= e
DO~~~ Neutral = | ==eccecaa-- dommmmmmm=e | semeee ] eemeaa
. Do==--- Full with | ---=-me-- do=mmmmmmm- | meeeee eee—a
Dewn (10°) | Full sgainst Pitched into dive | = eme-ee | aceea-
DOm~mm Neutral Extremely oscil- Made 1/L turn | 000 —eme--
latory, alternate and pitched
rolling and yawing into a dive
motion
Do-==~ Full with | ==-ccecw-- ol T I N T

NATIONAL ADVISORY

CONMITTEm FOR AERONAUTICS
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RESULTS OF SPIN TESTS
MINIMUM FLYING WEIGHT CONDITION WITH THE LANDING GEAR

[Spoilers neutral; model launched erect with spinning
rudder full right; rudder reversal from full right to

OF A

TABLE IX
1

3773-50ALE 1iODAL OF THE XFG-1

GLIDER IN THE
JETTISONED

rotation,
full left]

Elevator
setting

Aileron
setting

cription of model motion

Des
(before rudder reversal)

Flight path
(after rudder reversal)

Full up (30°)

Do_-_-s_-

Full against

Neutral
Full with
Full asgainst
Neutral
Full with
Full against
Neutral

Full with

Periodically pitciied from a
flet to a steep attitude

Stelled glide, extremely
oscillatory in roll
Spin very oscillatory in

roll and pitch

Rolled and pitched on back
Stalled glide, very oscil-
lstory in roll

Rolled and yawed into dive
or onto back

Stalled glide, very oscil-
latery in yaw and pitch
stelled glide

Steep glide, extremely
oscilllatory in roll
and pitch '

Same as before
reversal

Made 1/2 of a turn
and went into
stalled glide

Rolled into dive

Same as before
reversal

Stalled glide, ex-
tremely oscillatory
in roll

Stalled glide

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN TZSTS OF A

TABLE X
1

-SCALE 1ODEL OF THE XFG~1 GLIDER

IN THE MINIMOM FPLYING WEIGHT COEDITION WITH IKCREASED WING DIHEDRAL

[Spoilers neutral; wing dihedral incressed to 8°; medel
launched eresct with spinning rotation, rudder full right;
rudder reversal from full right to full left])

Elevator Aileron Description of model moticn Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full with Stalled spiral glide Straight stalled glide
' approximately 1
_ turn after reversal
Do=-=~-~ Neutral | -—==---—a---- dOmmmmmcmm - Do.
DO==mm= Full egainst | ~-==cmweeaa- dOomrmmmmmm e Do.
Neutral Full with Wandering, wide radius spin { Stalled glide lﬁ turns
after reversal
DO~w==~ Neutral | ~-—mmceeemea- e Stalled glide 3/l turn
' after reversal
De---- | Full against | ~——==m----o-- AO=mmmmmmmmmm Stelled glide 1/2 turn
' after reversal
Full down Pull with Svin very oscillatory in .Same as before reversal
(209) ' pitch and yaw (made

approximately 1 turn in
flat attitude and 2 in
steep attitude, then
repeated)

1261 *oN 4K
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TABLE X - Concluded

RESULTS OF SPIN TZESTS OF A 18-SCALE
17.

MODEL OF THE XFG-1l GLIDER -Concluded

Elevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full down Neutral Steep spin Went into inverted
(20°) stalled glide approxi-
mately h% turns after
reversal
Do====- Full against Went inverted

NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS
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TABLE XI

RESULTS OF SPIN TESTS OF A —_L__SCALE MCDEL OF THE XFG-1 GLIDER IN THE

17.8

MINIMUM FLYING WEIGHT CONDITION WITH MASS RETRACTED LATERALLY

Iy and I, decreased 20 percent of Iy from normal; spoilers neutral;

model launched erect with spinning rotation, rudder full right}

rudder reversal from full right to full left]

dived into inverted
position

Elevator Aileron Description of model motion Flight path N
setting setting (before rudder reversal) (after rudder reversal)
Full up Full against Stalled glide, extremely Stalled glide, very
oscilletory in roll, oscillstory in roll;
pitch, and yaw rotation stopped in
1 turn r
DO~~=- Neutral | =---c--c-e--- do-=emmmenene Stalled glide, extremely
oscillatory in roll;
rotation stopped in
2/l of a turn
Dome== Full with Stalled glide, extremely Same as before reversal
oscillatory in roll
Neutral Full against | ==e--m—-eeaa dOommmmmm e Do.
DOwm~m= Neutral Steep dive Stalled glide, very
oscillatory in roll
DO==w= Full with Stalled glide Same as before reversal
Full down | Pull against Model yawed and pitched Do.
| (109) into steep dive
DO====- Neutral Steep glide, very oscil- Stalled glide
latory in roll -
Do==== Full with Stalled glide, sometimes todel went into dive

NATIONAL ADVISORY COMMITTEZE FOR AERONAUTICS
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ESULTS OF SPIN THESTI OF A 2

TABLE XII

17.8

Y

-SCALE MODEL OF THE XrFG-1 GLIDER

IN THE MINIMUM FLYING WEIGHT CONDITICN WITE MASS EXTENDED LATERALLY

;EX and Iy increased 17 percent of Iy, from normal; spollers neutral;
model launched erect with spinning rotation, rudder full right;
rudder reversal from full right to full left]

Elevator Aileron Descrintion of model motion Flight path
setting setting (prefore rudder reversal) (after rudder reversal)
Full up Mull ageainst Stalled glide, extremely Stalled glide, very
(309) oscillatory in roll, oscillatory in roll
vaw, and pitch
Do--=-=~ Neutral | =-=-e-e-w--- dom=eremnmnew— - Do.
DOmwmw=- Full with | ===~receeee- o fe R ket Do.
Neutral Full against Model rolled and yawed into Same as before reversal
_ steep dive :
Do~===~ Neutral Moderately steep spin, very Made l%'turns and went
oscillatory in roll :
into steep stalled
glide
DOw~== Full with Stalled glide, yawed and Stalled glide.
banked
{ Full down { Full against Rolled and yawed into Dive
(10°) steep dive .
DOo-~~= Neutral Very oscillatory spin, ¥ade more than 1 turn
- whipping motion in roll and went into dive
and yaw
DOmmw= Full with | -==v-mea-aa- do-===w—m--m e eeecee—-

NATIONAL ADVISORY
COMMITTEE 'OR AZERONAUTICS
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RESULTS OF SPIN TiSTS OF

IN THE MINIMUM FLYING WEIGHT CO
HOVED 5 PERCENT REA:

[Spoilers neutral;
rudder full right;

TABLE XIII

4 —L -SCALE ¥ODSL

OF THE XFG-1 GLIDER

IDITIOV WITH TEE CENTZR OF GRAVITY

RWARD OF KORMAL

model leunched erect with spinning rotation,
rudder reversal from full right to full left]

1 Flight path

Blevator Allernn Descrin»tion of model motion (after rudder
setting setting (before rudder reversesl) reveprsal)
Full up Full against Viclently oscillatory in roll, | = —-===--
yaw, and pitch
DOmmwwnm Neutral Stalled glide, very oscillatory | = =<-=---
in roll and yaw
DO====mm= Full with Stalled glide, very oscillatory | = ====---
in roll
Neutral Full against Pitched and rolled onto back | = ~===---
Do--=-meme Neutral Stalled glide, very oscillatory | = -===---
in roll, sometimes rolled
onto back
Do-=mmnee Full with Stalled glide, very escillatory | — =====~-
in roll
Full down (10°) Full against Rolled and pitched onto back | — —--~e-=
Dowwmemnea Neutral Rolled and pitched into = |  eceeaca-
vertical or inverted position
DO=cmmaas Full with Stalied glide, slightly = | = «ccceea-

oscillatory in roll

NATIONAL ADVISORY

COMMITTEE

FOR AERONAUTICS
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TABLE XIV

RESULTS OF SPIN TESTS OF A I71—-g-SCALE MODEL OF THE XFG-l GLIDER

IN THE MINIMUM FLYING
' MOVED

Eﬁodel launched

WEIGHT CONDITION WITH THE CENTER OF GRAVITY
5 PERCENT FORWARD OF NORMAL

erect with spinning rotation, rudder

full right; rudder reversal from full right to full left]

Elevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full against Stalled glide Stelled glide, oscil-
(%30°) latory in roll
Dom=m= - Neutral | =-m==c-c---- do=cmmmemnnmme -~ | Same as before reversal
DO~==- Full with | --==vccee--- do~e-mmomeneeme Dive or stalled glide
1 Neutral | Full against Steep wandering and very Same as before reversal
oscillatory spin with
whip
DO==w== Neutral | e=cccmma-a-- Jom=mmmnmm—m———— Went into a steep dive’
- in greater than
lﬁ turns
DO=mm-~ Full with | ~-ceeecec-wee- AOomwccmmcnrcmns | aeeeaa-
Full gown Full ageainst Steep spin, extremely
(107) wandering and oscillatory | Same as before reverseal
DO~== Neutrsal Steep wandering and oscil- Went into inverted dive
latory spin with whip
DO==~~ Full with | ==-ecceeae-- dOo=m=mmem—— - Same as before reversal

NATIONAL ADVISORY

COMMITTEE FOR AZRONAUTICS
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TABLE XV
™ . 1

RESULTS OF INVERTED SPIN Tz3TS OF A I-,7—-8-SCALE MODEL

OF THE XFG-1 GLIDER IN THE MINIMUM FLYING WEIGHT CONDITION

]gpoilers neutral; model launched inverted with spinning

rotation, rudder full to pilot's right; rudder reversal
from full to pilott!s right to full to pilotts left

Elevator Aileron Descrintion of model motion lFlight path
setting setting (before rudder reversal) (after rudder reversal)
Stick full | Stick full Inverted glide oscillatory Made 1/L of a turn and
forward right in yaw glided inverted
(controls
together) :
Do~=~=- Stick Very oscillatory in yaw, Made 1/ of a turn and
neutral pitched into erect dived inverted
position
Do---~ | Stick full | Spin very oscillatory in Do.
left roll and yaw
(controls
crossed)
Stick Stick full Oscillatory, pitched into Made 1/h of 2 turn and
neutral right erect stalled glide dived into erect
{controls position
together) :

1

Rudder reversed while model was in flat attitude due to launching rotation

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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L

TABLE XV - Concluded

RESULTS OF INVERTED SPIN TESTS - Concluded

Elevator Aileron gscription of model motion 1Flight path
setting setting (before rudder reversal) (after rudder reversal)
Stick Stick Oscillatory, pitched into vade 1/l of a turn and
neutral neutral erect position; erect went into erect
stalled gzlide once stalled glide
Do==-- | Stick full | oscillatory, pitched into Nade 1/ of a turn and
left erect position ' dived inverted
(controls
crossed) '
stick full | Stick full | Oscillatory, pitched into vwade from 1/ to 1/2 of
back right erect stalled glide a2 turn and dived into
{(controls erect stalled glide-
together)
Do=-== | stick | —mmeeeoeoo-- do~==m=mmmmmmme Maede 1/2 of = turn and
neutral dived into erect
position
Do~===~ Stick full | ~ee---eencewa dOommmmmm e e - Do.
left
(controls
crossed)

1

Rudder reversed while model was in flat attitude due to launching rotation

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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@poi lers neutral;

TABLE XVI

RESULTS OF SPIN TESTS OF A'—;Lg-SCALE MODEL

.

OF THE XFPG-1 GLIDER IN THE FULLY LOADED CONDITION

model lasunched erect with spinning rotation,_rudder

full right; rudder reversal from full right to full lefﬁ]

Elevator Alleron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full with Stalled spiral glide Eab Lt L

Dowmw=a Neutral Stalled glide ———mm—-

Doww-= Full against | =~ececcccee-w- do-wmavcwnncen | ceae= -

Neutral Full with Spiral dive e m——

Dom == Neutrsal Made 1/2 turn, dived a Same as before reversal
short distance; motion
1s repeated :

Do==== Full against | Very oscillatory with wide Made 1/]; turn and
radius; might be spin glided (moderately
or spiral glide steep)

Full down Full with Wandering spin with large Made 1 to 25 turns end
(o} pitching osclllations;
(20°) very steed | ggggsinto inverted
Dormwem Reutral | =~=—-cce-- G LERERE PR LT LS Same as before reversal
Do==== | Full against | Pitched 1nto inverted spin ——mm———-

NATIONAL ADVISORY
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TABLE XVII

RESULTS O SPIN TESTS OF A ~-3CALZ MODEL OF THE XPG-1 GLIDER

17.8
IN THE FULLY LOADED CONDITION WITH SPOILERS EXTENDED

,[Model launched ersct with spinning rotation, rudder
full right; reverssl from full right to full left]

Elevator Alleron Description of model motion Flight path
setting setting (before rudder reversel) (after rudder reversal)
Full up Full with Spirel glide | esecea-

Do===-=~ Neutral | ~==-- ——————— do=wwmmmoccenaa | mccaaa-

DO====~ Full against | ===wewmecen-—-- O=~remmmmmmmes | smemeaa

Neutral Full with | -=-ceemmce—- dommocemec e Same as before reversal

Do===~= Neutral | ~e-memcewa-a- dOow=~mmemmmnenn Do.

Do=--- | Full against Wandering soin; cne yawing Made 1/2 turn and went
oscillation per turn of into stalled glide
spin

Full down Full with Spiral dive Made 1/l turn and went

(20°) into inverted dive

DO===~ Neutral | -ecmme-a-ea- Qommmmmmm e Made 3/li turn and went

into inverted dive

Do---- | Full against Went into inverted spin @ | =00l seeeeea

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN TESTS OF A 171

TABLE XVIII

~~SCALE HODEL OF

THE XFG-1 GLIDER

IN THE FULLY LOADED COFDITION WITH LANDING GEAR JETTISONED

[Epoilers neutral; model launched erect with spinning rotation,
rudder full right; rudder reversal from full right to full left]

Elevator Aileron Description of model motion Flight path
setting setting (before rudder reversal) (after rudder reversal)
Full up Full with Stalled glide | eeaea- -
DOowwe= Neutral | ~=cc-em-ca-- o=mmmmmnemeane | emcamaw
Do===- Full ageinst | =-==ecwe-e--- dOo=m=wmmccccas | eemeaa-
Neutral Full with wide spiral glide oscil- Seame as before reversal
latory in pitch
DO=~==~ Neutral | -=ce-cemcwee-- dOo=mmmmem e Do.
Do-~-- | Full against | Wide radius spin Made 1/2 turn and dived
Full down Full with Spin, oscillatory in roll, Same as before reversal
(200) piteh, and yaw
DO=m=a- Neutral Spin, oscillatory in Do.
pitch and yaw
DOmwmwe Full sgainst Spin, oscilletory in roll, Made 5/h turn and went:

pitch, and yaw

into stalled glide; or
made 1/l turn and went
inteo steep inverted
dive

: NATIOHAL ADVISORY
COMMITTEE FOR AERONAUTICS
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RESULTS OF SPIN TE3TS

TABLE XIX

OF A i#Lg—SCALE MODEL OF THE XFG-1 GLIDER IN THE

7.

FULLY LOADED CONDITION WITH THE CENTER OF GRAVITY XOVED 5 PERCENT FORWARD OF NORMAL

{Epoilers neutral; model launched erect with spinning rotation,
rudder full right; rudder reversal from full right to full left]

Elevator Alleron Description of model motion ° Flight path
setting ‘setting (before rudder reversal) (after rudder reversal)
Full up Full with Went into a stalled glide | = ~—ec-ec--

DO=m== Neutral | ——ceccecmeccw-- e e e . Tt T

Do-=~~. | Full against | -=ew-ee-e--- e ettt L T R P P :
Neutral Full with Steep spin - Same as before reversal

Do=w== Neutral | —-—-meew——n-- dowmmecnnm e Do.

Do==~= | Full ageinst | ~=--c-vcceenea do==m—mmemmceam Dived out after approxi-.

metely 1 turn

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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RESULTS OF INVZERTED SPIN TESTS OF A

TABLE XX
1

8-SCALE MODEL

OF THE XFG-1 GLIDER IN FULLY LOADED CONDITION

[§p01lers neutral; model launched inverted with splnning
rotation, rudder full to pilot's right; rudder reversal
from full to pilot's right to full to pilot's lefi

Elevator
setting

Aileron
setting

Description of model
motion (before
rudder reversal)

Flight path
(after rudder
reversal)

Stick full
forward

DOmmmm

Stick
neutral

Stick full right
(controls together)

Stick neutral

{

Stick full right
{(controls together)

Went into erect dive

Spun with violent
rolling and pitch-
ing oscillations

Went erect

lModel immediately
rolled with ailerons

into erect position,

pltched into in~
verted position, .
pitched back into
erect position and
dived.

Came out in a steep
‘erect or inverted
dive after 1/ turn,
model tended to
pitch into flat
inverted position

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE XX-- Concluded

RESULTS OF INVERTED SPIN TZ3TS - Concluded

Blevator
setting

Alleron
setting

Description of model
motion (before
rudder reversal)

Flight path
(after rudder
reversal)

Stick
neutral
Stick full

back
DO===~
Do~w=w--~

Stieck neutral

Stick full right
(controls together
Stick neutral
Stick full left
(controls crossed)

Went erect

Increased rolling
oscillations
ceused model to go
into erect stalled
glide

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE XXI

EFFECT OF SPIN~RECOVERY PARACHUTES ON RECOVERY

CHARACTERISTICS OF MODELS OF TEE XFG-1l GLIDER

[Loading as indicated; parachute towline attached to tailcone; spoilers
closed; allerons neutral; recovery attempted by opening parachute;
rudder full with the spin during recovery attempt; right erect spinsj

Center-of- " Rate of
gravity Paractute data vertical
Rlevator | position, Diameter Towline descent (fps) Turns for
position percent (feet) length (feet) (full-scale) recovery
M.A.C (full scale) (full scele) ()
Minimum flying weight |
b
Full up U 3.6 27 150 %, %
Full down i 3.6 27 150 2t 23
| - L™k
Full up 1 L5 27 150 151’ 1
Full down 1l h.5 27 150 I.t, %

8Because ef the wandering and oscillatory nature of the spins,
the values of the airspeed are very approximate.

bVisual estimate.

NATIONAL ADVISORY
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TABLE XXI - Continued

SFFECT OF SPIN-RECOVEZRY PARACHUTES - Continued

Cente?-of— Parachute data Rate of
gravity vertical
Blevator position, Diameter Towline descent (fps) Turns for
position percent (feet) length (feet) (full scale) recovery
M.A.C. (full scale) (full scale) (a)
ully loaded
Full up 1 5.5 27 250 1, 1&, 2
Full down 1, 5.5 27 250 1, 2&
Full up 1 7.1 o7 250 -fi, ﬁ
Full down 1 7.1 27 250 J_Lrl_ 2
Full up 19 7.1 27 250 é
z 1 1
Full up i 7.1 13.5 250 H,;H
1

8pecause of the wendering and oscillatory nature of the spins,

the values of the airspeed are very approximate.
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TABLE XXI - Concluded

EFFECT OF SPIN-RECOVERY PARACHUTES - Concluded

Center-of- Parachute data Rate of
gravity - vertical
Tlevator position, Diemeter Towline descent (fps) Turns for
position percent (feet) length (feet) (full scale) recovery
M.ALC. (full scale) (full scale) (a)
. Fully loaded
Full down 1, 7.1 13.5 ; 250 1, 1&
Full up. 19 7.1 13.%5 ' 250 No effect of
parachute
| Pull down 19 7.1 13.5 250 Ll‘_, .E.

8pecause of the wandering and oscillatory nature of the spins,
the values of the airspeed are very approximate.
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TABIR XXII.~ RESULTS OF LONGITUDINAL-TRIM TESTS

OF THRE FIB--SGALI HODEL OF THE XFG-1 GLIDER

MR No. LS5KZ21

7ELn1m flying weight with pllob and llh.ding géu'; center of gravity as indicated;

spoilers and landing gear as indicated; ailerons neutral; rudder neutral

Elevator

setting Spoilers Lending
{deg) goar
Free Neutral on
300 we=dp=== | ====dOm--n
F-us lmemdOam—=
N PRSEY. (- E
1p cmendO==—-
2p

5D

2

10D

Free

300 { eamdQee=

100 ~==do

507 ~=edo

N c=edoe== | ===ndO=~e=

saudgen= } m=-cdoe=-=

%D do:

SD wmadQe==

iop ceedoe=s | cecedo=an.
Free Nsutral Jettisoned
200 EETY: Py mem=dOmenw
N =w=doa== —===d0=~~=
1p “madg=== | «==wdo=a--
2D —==do-== c===dO==-=
3D c==do=-== ———edO==aa
5D —-=do~== ~do==m=
7%D —e=do-== ceeadDmm—a
10D ~==do===

Freo Extended

300 =~=do=== ~ecedOm~==
N ~eedOeme= | ~amadOas-a
5D weedOme= | ~=a=dOa==-=
Y%D -~=do=~= | ~=--do--e-
10D =~~dg=m= | ~=-=dO====
Free Neutral on
300 ~a=doe=a= | acandp===-
N m=do~-— ~mmedo=-
10p amadQees ——eado -
15[, cm=dQma= [, 7. Y
Free Extended | ~a=edo==~-
300 —==doe== emndpe=--
I «madgmee | mon-doe-a-
10D cmedQene conudOmenn
Frae Neutral Jettisoned
30U em=do~== ~===dOe==-=
N meaadOmaaa
1op

15p

20D

25D ==edo=e=

30D acndgees | seeedo-~=
Fros Extended ====to=
§QU waedQe—- mmcadQe=—e
N emedOume [ c=-ado~
10D —mcdQese | ~e==dO=ee=

C.G.

location
t

ercen!

EFEFF EEF FEREE EEE FRE B FF ERFEF

G BFE F EFEEF

19

19
19
13

Trim angles of .attack, o, deg

Normsl Large Inverted Remarks

|.£1ight range | positive

S 45 -3

—— 53 .

———- 3 -gz

o 35 -7 Trimmed momentarily
2 at 0° (approx.}
o -+
2
—— 25
3L
2

—— 38

———— 351

- 25

1

——— ZIE

25

— ER)

LT

— 2% - ’

-3 35 -2 Trimmed momenterily
1 at -3° (approx.)
———— 52.5 =30 Very aensitive
30 -28
2 -324
23 =36 yery little force
quired for chang
from erect to 1
verted sttitude
——- -36
3 =37
5 _———
m—— 21% -30
1 2
= -2
a3 i€
2 =33
—-- -y

P 59 -55 S1ightly oscillatory
in both attitudes

——— ——— ———— Erect attitudas, too
oscillatory to

1 detarmine resding
35—2 -hs
25 -==
--i- -633

conm ———— ——— Oscillated between
~65° ana -7&%°-
Did not trim at

1 any attitude
———— 2(>E ———- Osclllatd st times
between 26%0' and
o
3357
1

———- _1,5E ———

———- ~——— -63

——— hed -59 Both attitudes were

2 oscillatory. Elew-
vators were at mmxi-
mum deflections for
both attitudes.

——— 68 -—— Erect attitudes wers
oscillatory some-
times.

3 -

: ¢

20 -

22 -Zﬁ

22 69 Paused at erect atti
tuds, then rotsted
into inverted

e m——_—— -69 attitude.

———- fmae =51 Brect attitude, too
oscilletory to
determine resding.

JI— 62 =10 Brect attitude, wes
somstimes oscillatory.

---- 375 41

———a 26 -60 Both attitudes
slightly oscillatory.
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TABLE XXIII

TUMBLING TESTS OF THE XFG-1 GLIDER MODEL

WITHOUT INITIAL ROTATION

[ﬁod‘l released In & nose-up attitude simulating & whip stall.

Minimum flying welght; spoilers neutral]

Tunne 1 Rate of

Elevator Alleron | Rudder airspeed descent
setting setting | setting | (full scale) | (full scale) Behavior of model

(£ps) (fps)

30%y N N 28 100 Oscillated in pitch through ale
most £180° measured from nose-
down attltude

N wes(Oere | cecdoee 38 102 Do.

10D e-ed0e-= | ==do-~ 28 coaa Oscillated in pitech through al-
most }180° measured from nose-
dowmn attlitude into erect
stalled attitude

30% ewedQue- 25°L 28 ——— Oscillated 1n piltch through al-
most }180° measured from nose-
down attitude

N -==do--= | 25°L 38 -e-- Do.

10°p eeadOe=e 25°L 38 ———— Do.

30%U RAD, LAU N 9 - Do.

N caedoem= | e==do== L9 ———- Oscillated in pitch through al-
most ¥180° measured from nose=-
down' attitude 1into erect
stalled attitude

10°%p ce=do=se | «==do-~- L9 c——- Do.

N - Neutral
RAD - Right alleron. down
LAU = Left alleron up

P

NATIONAL ADVISORY
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TABLE XXIV.- TOMBLING TESTS OF THE XFG-1 GLIDEMR WKODEL WITH INTTIAL ROTATION

"'“'[iodol giveri initial pitching rotation about lateral sxis

Tunnel airspeed for all tests was 63 feet per asoond, full scale

MR No.

Direction Rate of
of initial deacent
Model losding |[Model condition [Elevator | Atleron Rudder |pitching (full scale) Behavior of model
: setting setting |aetting |rotation (fps)
|Minimun £lying Landing gear on 30% )| X Negative ———— Stopped tumbling and
weight apeilers neutral pitched into dive with
oscllletions in pitch

D 4 N ~w=doeee | ccedpmmn |ccccdpuenm 86 Did not stop tumbling

D d 10 ~ecdomew | ===dgmcn |ecacdoeeme 7 Do.

D d 20%0 =~=doe== 25°L ~ee-dowea= - Stopped tumbl. and
pitched into dive with

a o a 1o-cilllttonl lnlpitch
d N cw=dQe=u L mee=dpe—-- Did not stop tumbli:

H a 10% -=-do~-« §§°L Pos e

Do -d 30% RAD, LAU ¥ ===cdo=nn= Stopped tumbling in in-
verted position and
rolled to pilot's left

N 11nto eresct attitude
A N eced0ewe | ccadpe=a | avcedgea-a ———— Did not stop tumbli

g Y 10° anedOe=e | cccde~n [=eeedOe=ne “——— go. ng

Po d 30°0 N =~edo-== | Positive ~m—- Do.

Do do N ===d0~== | ===do=se | cweudo=v=-= 97 Do,

Do d 10°D ===d0-== | ===d0=~== | ccucdoeae= -——-- Stopped tumbling and
pitched into dive with
oscillations in pitch

D do 30°0 acedom== 2591, eeeedo=a== Did not stop tumbling

DO=mcace |acaanas do=e=ncas ceedOe=- gL Do.

Do a 10°Dp B LR L Stopped tumbling and
pitched into dive with
oscillations in pitch

Do a 30%y RAD, LAU y ——=edo---~ ——- D1d not stop tumbling

Do do N =-ed0~=e | ce=dpe=e | cm=rdoe==- Do.

Do do 10°p da d Stopped tumbling end
pitched into dive with
oscillations in pitoh

DOwaman- spoilers neutral 30%y N ~==do-~= | Negative -——— Stopped tumbling end

landing gear pitched into an erect
jettimoned stalled attitude

D - do - N ~ealdQem== [ ew=dge=e | ceccdge=~e ———— Did not stop tumbling

Domsrcan |actccocdomamaaan 108D d d bt Doy

D d 20°D ~c=doe== | ===do-== | =~==d0==== 88 Do

Do q 30°0 ---d0=-= | ===do=== | Positive 91 Do.

DO=awwe= fan P 1 LT N -==doe== | ~ecd0~=e { cccadpoe~=-= ———— Stopped tumbling and
pitched into dive with
oscillations in piteh

Do 4 10°p ~eado=me | a=cdo-wr | wecadoem== ———— Stopped tumbling and
pltched into inverted
stallad attitude

D d ZOgD Sl -l i v Iz 8t d t ggi and

------ =eed0=== | ==w=do-~= | Negative ——— oppe um| ng

Do Landltg gour on 0% & pitched into eredt

oxtended stalled position

Do a N -=-do=== | ===do=== | —c=edoe=w~ ———— D1id not stop tumbling

D do 10°p a==do=~= | =~=d0--- | ~e=ado==-= ——— Do,

Do do 20°D ~==-do=== | ==~d0-=- | ~=--do=u-= 95 Do.

D do 300 maedOmn= Positive 95 Do.

Do. a 1 acudOama | svedorens | eccadpenea ——— Stopped tumbling and
piltched into dive with
oscillations in pitch

D a 10%p w=edo=e= | ~==do=e= | cceedOeca= Do.

Dpewm=c=s | ==accacdoemme—n= 20°D accdOean | mcedoan= | ~eendoeane Do.

C.g8« 5 porcent [Landing gear on 30°%0 w~ad0en= | «==do==- { Negative ———— Do.
forward apoilers neutral

Do d ).} ~wedOeen | ma=doem= | vcaedomaaa Do.

D a 10°D eeedQusn | =eed0es= | cccadom=ee D1d not stop tumbling

D 4 20° d Do.

Do q 30°7 em=doe~= Positive Do.

Do a X [, 1 it Stoppsd tumbling end
pitohed into dive with
olcillltiggs in pitch

N o d a do ——— .

gc & lz'gog ~ewedOme= | = emmadQee=e ———— Do,

¢.g. 5 percent | -meecvedommmmnan 3000 «ewdOe=a | ==ado~== | Negative —-—— Do.
rearward 1 N wmado=ee | —=edo=== | =cc-do=-a= —_— Did not stop tumbling

gg 4 10%p e~edo~== | =~~do==~ ~domen= ——— Do.

34 S 20°0 weedo=we | ==2d0-es | ccccdommme - Do.

D a 30°7 w=adOew= | meadoe== | Poaitive Do,

Do 4 N, ==-doe== | -=~Q0=-= ] 2veedowe-s B:_

D d 28 D a & q ——— Stopped tumbling and

Do pitched into dive with
oscillationa in pitech

DOmemwne |omana- a 50°D araleen | confdpers [ meacadOmeew ————

Do,

RAD - Right aileron down
LAU - left @lleron up

NATIONAL ADVISORY
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MR No. L5K21

TABLE XXV

TUMBLING TESTS OF A Eihg-SCALE MODEL

OF THE XFG-1 GLIDER IN THE FULLY LOADED
CONDITION WITH INITIAL ROTATION

Bpoilers neutral; silerons and rudder neutral;
model given initial rotation szbout the lateral
axis; the tests were run at an airspeed
of 102.1 feet ver second, full scale€]

Direction of
Elevetor initiel pitch- Behavior of model
setting ing rotation
Full up Negative Stopped tumbling and
dived
Neutral | ------ dOm= === Did not stop tumbling
Full down | =====-- do=m=—m=m Do.
Full up Positive Do.
Neutral | ------ AQw e mm— Stopped tumbling and
pitched into dive
LFull down | ====-- do==w-=- Stopped tumbling

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



MR No. L5K21

Spoiler

Arleron H. L.
8oC

b
]

2 Thrust

36,47

/:_/.58

e ——————— <1 T =

Rudder AL

v NATIONAL ADVISORY
7.03 COMMITTEE FOR AERONAUTICS

¢ Thrust

frgure [ Skelch of the L scale made/
of he Cornelius XFG -/ glider as tested
m Lhe 1ree-spipmmng tunmel. Center-or-
gravily position shonn For the minimum
lying weight condition



NACA
LMAL 38852

3

L]
[
A
L] £

Normal condition,

Normal condition-landing gear jettisoned.

Figure 2.~ Photographs of the

1

17.8

-scale model of the Cornelius XFrG-1 glider.
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N_Lyrection of airstream
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Figure 3 .- Sketch showing a V128-Scase mode/ or 14e XFEY glider /n
the Wire rig wsed for 7hHhe /[ongirtadinal 1717 Tesrs.
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